Soy proteins are commonly used in the food industry thanks to their technological properties. However, soy is, along with cow's milk, eggs, wheat, peanuts, tree nuts, fish, crustaceans, and molluscs, responsible for around 90% of food allergies, and is also one of the foodstuffs that can cause anaphylaxis. The aim of this work was to compare the immunofluorescence method for the detection of soy protein in meat products purchased from the retail market with other microscopic methods (immunohistochemical and histochemical), with the ELISA reference method and with the confirmatory results. Within the research, 127 meat products purchased in the retail network were examined using the immunofluorescence method used for the detection of soy protein. The method was compared to Enzyme-Linked ImmunoSorbent Assay (ELISA), immunohistochemical, and histochemical methods. According to McNemar's test, noncompliance between the immunofluorescence method and immunohistochemical method was low. In addition, a significant difference between the fluorescence method and ELISA (P < 0.05) and a highly significant difference between the fluorescence method and histochemical examination (P < 0.01) was found. The immunofluorescence method was also compared with confirmatory results. According to McNemar's test, non-compliance between the immunofluorescence method and confirmatory results was low. The results showed the possibilities of this new method to detect the content of soy protein in meat products.
Soy protein is added to meat products due to its unique functional properties, such as water and fat absorption, creating texture and emulsifying ability. On the other hand, in the United States alone, soybean ranks among 8 major food allergens and has been credited with more than 90% of food borne allergies (Kabourek and Taylor 2003) . Estimates of thresholds inducing undesirable reactions in persons allergic to soy protein differ significantly and values between 0.0013 and 500 mg have already been published (Becker et al. 2004; Ballmer-Weber et al. 2007) . Clinical manifestations of soy allergies include digestive problems, respiratory diseases (rhinitis, asthma), skin reactions (urticaria, atopic eczema), and IgE-mediated systemic reactions (Batista et al. 2007 ). The issue of food allergens is enshrined in the legislation of the European Union, namely in Directive 2003/89/EC amending Directive 2000/13/EC as regards indication of the ingredients present in foodstuffs. In order to avoid misleading consumers and also to protect allergic consumers, analytical methods for determination of soy protein in meat products have been developed. Most of these methods are based on the electrophoretic, immunochemical or chromatographic techniques. The reference method used in determination of soy protein in products is the immunochemical method ELISA. Other options are microscopic methods which were for the purposes of soy protein detection in meat products combined with staining techniques: Gömöry staining, modified by Grocott, or trichrome staining by Charvát (Heckmann et al. 1992) . Among microscopic methods for detecting plant proteins, the most reliable are immunohistochemical methods. These methods were used for detection of soy protein in the study Boutten et al. (1999) or Pospiech et al. (2009) . However, it appears that for each commodity and allergen it is necessary to optimize the testing protocol so as to provide sufficient sensitivity and reliability. Another option for soy protein detection is the immunofluorescence methods which belong among highly sensitive and specific methods and can therefore be used in complex food matrices (Griesbeck 2004) . The aim of this work was to compare the immunofluorescence method for the detection of soy protein in meat products purchased from the retail market with other microscopic methods (immunohistochemical and histochemical), with the ELISA reference method and with the confirmatory results.
Materials and Methods

Material
The subjects of examination were 127 heat-processed meat products (pork and beef) purchased in the Czech Republic. Three samples of 1 cm 3 were taken from all the meat products and fixed in formaldehyde. For the ELISA method, a sample of 250 g was taken. Sampling was performed so as to cover the entire meat product (middle and both end parts of the product always from the centre and under-cover layer).
Sample treatment and preparation
The samples for microscopic examination were processed in the histology laboratory at the Department of Hygiene and Technology of Vegetable Foodstuffs, Faculty of Veterinary Hygiene and Ecology, University of Veterinary and Pharmaceutical Sciences Brno. After fixation, the samples were dehydrated in an ascending series of alcohol (30-96%) and acetone (RNDR. Jan Kulich s. r. o., Prague, Czech Republic) in Autotechnikon AT-4 and mounted in paraffin blocks in Paraplast (RNDR. Jan Kulich s. r. o., Prague, Czech Republic), which were sliced in a sliding microtome of Microm HM 400 (Leica Microsystems GmbH Wetzlar, Germany) into 4 μm thick sections with trimming of 50 μm. Sections were stretched on the water surface and mounted on Super-Frost Plus slides (Menzel-Gläser, Germany).
Immunofluorescence detection
The immunofluorescence detection method was performed according to the following procedure. The method is based on the IHC principle described by Pospiech et al. (2009) who confirmed the suitability of primary antibody for IHC analysis of soy protein in food matrix. Sections were immersed in: (1) xylene twice for 10 min; (2) absolute ethanol (Moravský Lihovar, Kojetín, Czech Republic) twice for 10 min, followed by 90% and subsequently by 70% aqueous ethanol (v/v) 10 min each bath; (3) tap water for 7 min; (4) distilled water for 7 min; (5) PBS -Phosphate Buffered Saline, 80 g/l NaCl, 2 g/l KCl, 2 g/l KH 2 PO 4 , 23.4 g/l Na 2 HPO 4 · 2 H 2 O, 0.16 g/l NaOH adjusted to pH 7.4; (6) citrate buffer -21 g/l C 6 H 8 O 7 , 9 g/l NaOH adjusted to pH 6 for 5 min at 650 W in a microwave; (6) PBS for 5 min; (7) 3% (v/v) H 2 O 2 in PBS for 30 min and then (8) PBS twice for 5 min. The sections were then incubated successively: (9) for 30 min at 25 °C with 5% (v/v) goat normal serum in PBS (Vector Laboratories, Burlingame, GB); (10) for 12 h at 8 °C with an anti-soy antibody (Sigma-aldrich, ref. S2519-1ML, USA) diluted 1:500 with antibody diluent (DakoCytomation ref. S0809, Glostrup, Denmark) and washed in PBS twice for 5 min; (11) for 30 min at 25 °C with 25 μl per section of anti-rabbit biotinylated antibody (Vector Laboratories, PK 6101, Burlingtone, USA) and than in PBS twice for 5 min; (12) washed in PBS for 5 min; for 15 min at 25 °C with Texas Red (Vector Laboratories, product No. Burlingame, GB) 1:250 with PBS, and washed in PBS twice for 5 min. The sections were mounted with Vectashield mounting medium for fluorescence (Vector Laboratories, Burlingame, GB) and micro coverslips were laid onto each section. All unmarked chemicals and solutions were from RNDr. Jan Kulich s. r. o., Prague, Czech Republic and were used in p.a. quality.
ELISA, immunohistochemical and histochemical examination ELISA examination was performed at the Veterinary Research Institute, Brno. Immunohistochemical examination of samples was done in histological laboratories at the University of Veterinary and Pharmaceutical Sciences Brno. The procedures were performed according to Pospiech et al. (2009) . Histochemical examination was performed according to the procedure by Pospiech et al. (2011) .
Confirmatory result
As confirmatory results, those results were used which were based on the following hypothesis. The product containing soy protein according to the results of at least three out of four of the diagnostic methods was evaluated as positive to the content of soy protein. If the results of at least three methods were negative, the product was evaluated as negative to the content of soy protein.
Evaluation of results
Within the microscopic examination, 9 sections were examined for each sample at magnifications of × 100 and × 200 using the flourescence microscope of Leica DM 3000. Digitization of samples was performed by the Leica DFC 295 camera and software Leica Application Suite, Advanced Fluorescence 2.6.0.7266 support by the program of Leica LAS AF. Sections of immunohistochemical and histological examination were investigated without inserting a filter in the visible light spectrum and sections for immunofluorescence were examined with the I3 filter which has excitation at 510 nm (Plate II, Fig. 1 ).
Results obtained from immunofluorescence method were compared with results from ELISA, immunohistochemistry, histochemistry and the confirmatory results. The results were evaluated qualitatively with the symbols of +, -and a doubtful result of +/-. Doubtful results were evaluated by + and -in the statistical processing. Within the immunofluorescence test, the result in which the antibody was not sufficiently bound to soybean protein and it was difficult to detect it due to weak fluorescence intensity, was considered a doubtful result.
Statistical analysis
Statistical analyses were performed using the Unistat program 6.1 for MS Excel (Unistat Ltd., 2012, Czech Republic). Significant differences between methods where calculated using the McNemar's test. Differences were considered significant at P < 0.05.
Results
The aim of the study was to compare the immunofluorescence with other methods for determination of soy protein. The analysis included 127 meat products that are likely to contain soy protein. Table 1 Between the fluorescence method and the confirmatory results no significant (P > 0.05) difference was found (Table 3) .
The same result was achieved by comparing the fluorescence method with immunohistochemical method where there was no significant (P > 0.05) difference (Table 4) .
By comparing the immunofluorescence method and ELISA assay a significant (P < 0.05) difference was found (Table 5) .
The difference between S67 the methods of immunofluorescence and histochemical examination was even highly significant (P < 0.01) ( Table 6 ).
Discussion
The correspondence of imunofluorescence examination with immunohistochemical (IHC) detection was 92.06%. Differences between the two methods that have the same base (antibody binding to the antigen in histological sections) are caused by higher sensitivity of the fluorescence method. This fact was also reflected in a lower percentage of doubtful results than in IHC (Table 2) , which, due to the mode of statistical analysis caused an 8% discrepancy between the methods. Doubtful results may occur, for example, by false negativity, false background staining, low concentrations of soy protein in the product or a low antibody binding to soy protein, for example, due to the heat treatment. The correspondence of immunofluorescence examination with the ELISA method was 75.4%. A higher percentage of agreement might be expected due to a similar principle of these two methods (antibody binding to the antigen), but ELISA indicated a higher percentage of doubtful results ( Table 2 ).
The immunofluorescence method reached different results compared to ELISA and histochemical examination methods. The ELISA method has been adopted as the reference method of AOAC International for the determination of soy protein in raw and cooked meat products (since 1988). Therefore, this method is commonly used in food laboratories (AOAC 1998). However, based on our results the probability of agreement between ELISA and immunofluorescence method is small. The same is true for the results of histochemical examination, in which the detection is performed based on different colors and characteristic morphology of the protein. Using conventional staining procedures, soy protein behaves similarly to protein of muscle fibres and thus detection is difficult (Tremlová and Štarha 2002 palisade and goblet cells (Horn 1987) , or in case of soy flour finding oxalate crystals in the cells of soybean (Strassburger 1971) can be seen as clear determination. In contrast, the immunofluorescence method uses antigen-antibody binding with the mark antibody and fluorescence of soy protein on a black background and this allows identification without finding specific structural elements of soybeans.
Comparison with other methods shows that the immunofluorescence method is comparable to the immunohistochemical method, as well as to the confirmatory results where no significant difference (P > 0.05) was recorded. Another important fact for a successful application in practice is that the immunofluorescence method achieved a lower percentage of doubtful results in comparison with the immunohistochemical method. A significant difference (P < 0.05) was demonstrated between the immunofluorescence method and the immunochemical ELISA method and a highly significant difference (P < 0.01) in comparison with the histochemical method.
